Out-of-Band Emissions (OOBE) and receiver overload (such as blocking and inter-modulation).
OOBE occurs when transmission of a signal goes beyond the intended channel causing disturbance to victim receiver. The strongest impact is on contiguous channels which is Adjacent Channel Interference (ACI) [2] .
Receiver overload is when blocking occurs within the receiver, or co-channel interference occurs due to large signals within the receiver front-end passband. The signals can be near or in the receiver where it cause disturbance and they can also be anywhere within the front end passband of the receiver that is disturbed [8] .
OFDM stands for orthogonal frequency division multiplexing, it is the specific type of multicarrier modulation scheme. OFDM is division of available spectrum into several sub channels hence, each sub channel an act as narrow band experiencing flat fading [9] . OFDM is based on DFT to generate orthogonal carriers, hence the name OFDM. In this way the frequency response of sub channels are overlapped, effectively results in high spectral efficiency of transmission system.
MIMO-OFDM offers simplicity in decoding, while it has many advantages that makes it a preferable choice, it also poses some challenges. MIMO-OFDM symbol is typically long while compared to a single carrier. So in practical system even there is small channel variation over OFDM symbol, the orthogonality of subcarriers is affected which may result in inter-cell interference which will result in degradation of system performance. This paper presents the performance evaluation of MIMO-OFDM systems on coexistence environment in LTE networks. The paper focuses mainly on the interference in FDD-LTE Downlink (2620MHz -2625MHz) as shown in Fig.1 . 
II. INTER-CELL INTERFERENCE
The following model is used to assess the inter-cell power between LTE cells:
As presented in [2] " is the interference (dBm) that is transmitted from the cell causing the interference to the cell that disturbed, is transmission power (dBm) of interfering cell, and are interferer transmitter and victim receiver antenna gains (dBi). While is number of transmitting antenna elements employed by interfering transmitter is radio frequency (MHz) of interfering transmitter, is the distance (km) between interfering and victim cells, and are ACI power ratio and deployment environment clutter loss." Adjacent Channel Interference Ratio (ACIR) is the total amount of leak experienced between two transmissions on adjacent channels and derived from Adjacent Channel Leakage Ratio (ACLR) and Adjacent Channel Selectivity (ACS) as seen in equation below [10] : (2) The is a total loss owing to nearby clutter and is indicated as:
where (km) distance between nearby clutters and the antenna that cause interference and and are the nominal clutter height and height of antenna experiencing interference as indicated in Table I [11] . System degradation is the performance degradation occurred as a result of receiver sensitivity and hence assessed as (S) and calculated as the noise rise due to the received interference [11] :
where is degradation of receiver sensitivity (dB), is the received interference (dBm) as indicated in Eqn. (1) and is victim receiver noise floor (dBm), and is given by
where and are "victim receiver thermal noise density (=-174 dBm/Hz) and noise figure (dB), respectively, and is receiver noise bandwidth (Hz)" [2] . For LTE, it is therefore as indicated in Eqn. (6) . 
As presented in [2] " is number of victim receiver physical resource blocks and is equal to 6, 25, 50, 75 and 100 for receiver bandwidths (1.4, 5, 10, 15 and 20) MHz respectively" [2] . According to 3GPP [10] , LTE can tolerate maximum 1 db degradation in receiver sensitivity.
The and values using methodology from [7] , [10] , [12] .
III. ORTHOGONAL FREQUENCY DIVISION MULTIPLEXING (OFDM)
Orthogonal Frequency Division Multiplexing (OFDM) is a modulation scheme that extends the concept of single subcarrier modulation by using multiple subcarriers within the same single channel. In this case, the signal spectrum related to different subcarriers will overlap in the frequency domain but the time domain wave forms of the subcarriers are orthogonal. Four causes of degradation in performance of wireless communication networks are mainly delay spread, noise, interference, and channel variation. OFDM technique allows available bandwidth to be used efficiently and omitting any inter-carrier interference.
OFDM systems offers high data because it mixes up multiple low date rates with subcarriers with long symbol duration. Severe inter-symbol interference (ISI) arises when transmit symbol interval is not as long as the delay spread.
OFDM prevents inter symbol interference (ISI) usually arises when signals of symbol are short duration on a multipath channel MIMO-OFDM communication system. Contrary to single carrier systems, OFDM counteracts the high mobility outdoor channels by transmitting simple constellation at low symbol rates. As a result, the OFDM signal is resistant to noise, interference and delay spread that is a major concern in operation of wireless communications networks.
For the implementation of OFDM systems the use of Discrete Fourier Transform (DFT) decreased to perform baseband modulation and demodulation which was eliminated the banks of coherent demodulators and sub carrier oscillators required by frequency division multiplexing. DFT based frequency division multiplexing can be fully implemented in digital baseband. FFT for highly efficient processing, a fast algorithm for computing DFT, can even further reduce the number of arithmetic operations to
A guard interval can be used in between consecutive symbols and the raised cosine windowing in the time domain to reduce or eliminate the ISI and the ICI. Nevertheless, over a time dispersive channel the system could not maintain perfect orthogonality between subcarriers. This problem was tackled with the use of cyclic prefix (CP) or cyclic extension. Here they are replaced in the guard interval with a cyclic extension of the OFDM symbol. The ISI can be eliminated completely if the length of cyclic extension is longer than impulse response of the channel. Further, this scheme simulates well with a channel performing cyclic convolution which ensures the orthogonality between subcarriers over a time dispersive channel. Main idea of OFDM system is division of high data rate stream into a number of low data rate streams which is all transmitted over narrow sub channels at the same time. Therefore, it has both a frequency modulation and frequency division multiplexing.
In OFDM the main cause of signal degradation is other cell interference and background noise due to smart way of one tap equalization by the addition of cyclic prefix. The signal to noise plus interference is given by following formula (7),
where is power, represents the ratio of other cells and own cell signal. Therefor the Shannon Capacity formula ( ) becomes,
where,
In OFDM, we need to take cyclic prefix factor into an account. So OFDM capacity Eqn. (9) is scaled down by the factor, as given below
where is a cyclic prefix duration and is the OFDM symbol duration.
IV. MIMO SYSTEMS
Multiple Input and Multiple Output (MIMO) systems is usage of multiple antennas including both transmitter and receiver to improve wireless communication performance (see Fig. 2 ). It is mostly used for both uplink and downlink scenarios [14] . For MIMO system, the capacity is given by Shannon formula (10),
where represents complex channel gain which incorporates fading influence of channel, is the convariance matrix of input signal ( ) and is the variance of uncorrelated Gaussian noise. The Shannon Capacity is the fundamental limit for error free communication. As by the property of determinant [15] ,
The Eqn.(13) becomes,
where is a positive definite matrix [16] , with eigen values , , …, . It is diagonalized using the unitary matrix such as ∑ where is unitary matrix whose columns are associated eigenvectors, such that the Eqn.(12) becomes,
By applying the property of determinant Eqn. (13),
The capacity of equivalent parallel uncoupled MIMO systems has been proved by [17] as follows:
V. MIMO OFDM SYSTEM Several researches have shown potential in extending OFDM systems to much higher data rates by adopting MIMO smart antenna technique system [1] . Fig. 3 shows the MIMO-OFDM system with subcarriers used over MIMO frequency selective channel [17] . The fading coefficients are spatially uncorrelated over frequency and they remain constant in time. Input data is in frequency domain, it is digitally modulated using any modulation scheme. The data is fed into Alamouti time space encoder and code words are created following the Alamouti coding scheme [18] . "The data is converted in time domain by taking IFFT of code words generated by Alamouti encoder. Then the transmitter appends the cyclic prefix" [18] . After adding cyclic prefixes the Alamouti coded symbol are transmitted by the two antennas in the first instant. In second instant, other Alamouti coded symbol are transmitted. At the receiver cyclic prefix are removed from OFDM Alamouti code symbols, then they are converted in frequency domain by taking FFT. The output of FFT block is fed into Alamouti docorder which decouples the desired symbol form unwanted symbols according to Alamouti decoding [18] . Finally the data is digitally demodulated to detect the correct symbol which was sent initially to get the output symbol.
VI. SIMULATION AND RESULTS
In this section, we evaluate the performance of Alamouti's MIMO-OFDM systems on coexistence of FDD-LTE base stations. The simulation results are demonstrated between Signal to Noise Ratio (SNR) and Symbol Error Rate (SER) for 4QAM modulation in the presence of Rayleigh fading. Simulation parameters chosen are listed in Table II . The 5MHz interferer bandwidth is maintained constant throughout simulation. In this research, we separate two cells of 1 antenna element at 10km. 
VII. CONCLUSION
At the same time that high data rates and high mobility in wireless network is in high demand, engineers currently face challenges in omitting delay, spread, noise, interference and channel variation in operation of wireless communications. This research adopted OFDM and MIMO to eliminate inter-carrier interference in aiming that any available bandwidth will be used efficiently. In order to increase the potential in reaching higher data rates, MIMO smart antenna is also adopted. Nevertheless, the results of this research indicate that the performance of MIMO-OFDM system in this study is degraded by the coexistence interference. 
